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Description 

Field of Invention 

5 This application is a divisional application of EP-A-0 559 785 (92 901 494.2). 

This invention concerns random aliphatic-aromatic copolyesters which are useful as molded or extruded plastic 
objects, fibers, or films. Moreover, various additives can be added 

to the random aliphatic-aromatic copolyesters to enhance properties such as water vapor transmission rates or 
biodegradability. 

10 

Background of the Invention 

It is well known that cellulose esters are important as commercial plastics and as fibers. In general, cellulose esters 
are used in plastic applications where hard but clear plastics are required. For example, cellulose esters are used in tool 

75 handles, eyeglass frames, toys, toothbrush handles, and the like. All of these applications require a combination of high 
melting and glass transition temperatures as well as high modulus and good tensile strength. Formulations based on 
cellulose esters which provide plastic films with low modulus but good tensile strength while maintaining sufficient melt- 
ing and glass transition temperatures (Tg) to allow thermal processing are generally unknown. Formulations based on 
cellulose esters which allow thermal extrusion of fibers are also generally unknown. 

20 Because of the high melt temperatures and low melt stability of many of the cellulose esters, plasticizers such as 
dioctyl adipate or triphenylphosphate are often added to the cellulose ester to lower the melt temperatures during melt 
processing of the polymer. Although this technique is effective, addition of a monomeric plasticizer often creates sec- 
ondary problems related to volatile or extractable plasticizers such as dye drip during melt extrusion or long-term dimen- 
sional stability (creep) in an object made from the cellulose ester. 

25 The most basic requirement for polymer-polymer miscibility is that the free energy of mixing be negative (AG<0). 
Although on the surface it would seem that polymer-polymer miscibility would be common, in reality there are only a few 
known miscible binary blends and even fewer known miscible ternary blend systems (Brannock, G.R.; Paul, D.R., Mac- 
romolecules. 23, 5240-5250 (1990)). The discovery of miscible binary or ternary blends is very uncommon. 

The classical experimental techniques for determining polymer blend miscibility involve the determination of the 

30 optical clarity of a film made from the blend, measurement of the appropriate mechanical properties, and measurement 
of the glass transition temperature by an appropriate thermal analysis technique such as dynamic mechanical thermal 
analysis (DMTA) or differential scanning calorimetry (DSC). If a blend is miscible, films made from the blend will gener- 
ally be clear. Likewise, mechanical properties of a blend, such as tensile strength or tangent modulus, are often inter- 
mediate between those of the blend components. Furthermore, a miscible amorphous blend will show a single Tg 

35 intermediate between that of the component homopolymers while an immiscible or partially miscible blend will show 
multiple Tg's. In the case of a completely immiscible blend, the Tg's will be those of the homopolymers. For partially mis- 
cible blends, the Tg's will be intermediate values corresponding to partially miscible phases rich in one of the compo- 
nents. The variation in binary blend Tg can be modeled by the Fox-Flory equation, Tg 12 = Tg + Tg 2 (W 2 ) , 
where Tg 12 is the Tg of the blend, Tg 1 and Tg 2 are the Tg's of homopolymers, and W-, and W 2 are the weight percent 

40 of each component in the blend. Since the Fox equation does not take into account specific interaction between the 
blend components the Gordon-Taylor equation, Tg 12 = Tg , + [kW 2 (Tg 2 - Tg ^J/W^ where k is a constant, is often 
preferred in blend analysis. For a homogenous, well mixed system, a plot of Tg 12 versus W 2 (Tg 2 -Tg 12 )/W 1 will yield 
a straight line the slope of which is equal to k and the ordinate intercept will be equal to Tg^ The constant k is often 
taken as a measure of secondary interactions between the blend components. When k is equal to one, the Gordon-Tay- 

45 lor equation reduces to a simple weight average of the component Tg's. 

Miscible blends of cellulose esters and other polymers are generally unknown. The most notable exceptions 
include the work disclosed by Koleske, etal.(U.S. Patent .3, 78 1,381 (1973)), Bogan and Combs (U.S. Patent 3,668,157 
(1972)), Waniczek et al., (U.S. Patent 4,506,045 (1985)), and Wingler et al. (U.S. Patent 4,533,397 (1985)). Koleske et 
al. reported that blends, formed by solution casting of polycaprolactone and cellulose ester mixtures, are miscible. Later 

so work by Hubbell and Cooper (J. AdpI. Folvm. ScL. 1 977, 21 , 3035) demonstrated that cellulose acetate butyrate/polyc- 
aprolactone blends are in fact immiscible. Bogan and Combs have reported that block copolymers of polyether-polyes- 
ters form miscible blends with some cellulose esters. Critical to the invention of Bogan and Combs was the use of an 
elastomeric block copolymer; they report that the corresponding homppolymeric elastomers were incompatible with 
cellulose esters;. Waniczek et al., have disclosed that polyester carbonates and polyether carbonates copolymers form 

55 miscible blends with many cellulose esters and are useful as thermoplastic resins. Wingler et al. report that contact 
lenses can be prepared from blends consisting of (A) 97-70% by weight of one or more cellulose esters and (B) 3-30% 
by weight of an aliphatic polymeric compound having ester moieties, carbonate moieties, or both ester and carbonate 
moieties in the same polymer chain. The invention of Wingler et al. is limited to aliphatic polymeric compounds; no ref- 
erence is made to random copolymers consisting of aliphatic diacids, aromatic diacids, and suitable diols or polyols. 
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The invention of Wingler is further limited to cellulose mixed esters having a weight per cent hydroxyl of 1 2% to 1 95% 
(DS ?H = 01 1*19 where "DS" or "DS/AGU" refers to the number of suostituents per anh^gSse uniTJhe ttt 
mnmum D8MOJ I is three). The invention of Wingler et al. is also /Med to binary miscible blendsTnd Z^^l 

cTZfnn I" S 6nd : (3 ' 30% a,iphati ° 0°*™™ C ° mp0Und) - No reference is to ^nds contaJnhg anTmX 
5 2£T£? ^ f 'mm-scible component is useful for enhancing properties such as water vapor transrSon 
rates or biodegradablrty. Imm.sc.ble blends of cellulose esters and aromatic polyesters have also been disclosed bv 
Pollock et al. (U.S. Patent 4,770.93! (1988)) which are useful in applications such as paper suteWutes * 

HiJ^lV^^l' ^P 05 ?' 6 items are common - Exar "P !es of ™ch disposable articles include items such as infant 
diapers, .ncontnence bnefs. sanitary napkins, tampons, bed liners, bedpans, bandages, food bags agricultural com- 
10 potf sheets, and the like. Examp.es of other disposable items include razor Wade handles, tooWrSSJSS- 

SSSS^JS^ n6tS ' PaCka9ina m ClamShe,,S ' " d *° Hke - F ° r diS > 0Sable ^SrSal 
Disposable articles are typified by disposable diapers. A disposable diaper typically has a thin, flexible polyethylene 

* te So™S 0 ^ m T* 88 "*? ' ayer ' ^ 3 P ° r0US ' iner WhiGh is TO ™>™ XX 

w The diaper construction also requires tabs or tape for fastening the diaper (typically polypropylene) as well as varied 

easterners and adhesh.es. Although the absorbent fifler is usuaJiy hwj^« JSX«3 T"J££ 

,r°T 6 ? , cu r tiy " Sither ,he ° Ut6r ° r imer ,iner nor *• «*» such - tabs o r SSm wl SS 
from microbial acton. Consequently, disposable absorbent materials such as diapers accumulate in landf ills and d ace 

. — systems - ^ disposabie arMes such - ^ « «** composes ££ 

Numerous studies have demonstrated that cellulose or cellulose derivatives wrth a low degree of substitution i e 
ess than one. are biodegradable. Cellulose is degraded in the environment by both anaerobic or aerobic m crooro^- 
isms. Typical endproducts of this microbial degradation include cell biomass. methane(anaerobic only) carZdcS 
water, and other fermentation products. The ultimate endproducts will depend upon the type of enSmem as wTas 

H*? 1 m ' Cr0b,al * Bl iS PreSent H0Wever " H has been re P° rted *« esters wXaDS greater 

than about one are completely resistant to attack by microorganisms. For example, Stubenberger and Kahler f J An? 

^00^ 66. 225 (1986)) have reported that ceHulose acetate is extremely Recalcitrant .o SZS^ 



sporacurvata. 

30 



^'f ! (PHA) " SUCh aS PQ'VWroxybutyrate (PUB), polycaprolactone (PCL). or copolymers of ool- 
yhydroxybutyrate and polvhydroxyvalerate (PHBV). have been known for at least twenty years V*Ec7 D fo^ 
polycapro actone, they are generally prepared biologically and have been reported to be bLegradable (M Ste et 
a'- AodI. Microbiol. Biotechrml . 30, 569 (1989)). 1 tvunioKa et 

Polyesters prepared from aliphatic diacids or the corresponding carboxyfc ester of lower alcohols and diols have 
„ SS , T^* ,0 be biode 9 radable - For exam P | e. Fields and Rodriguez ("Proceedings of the TO* htorofaZ 
* B.odegradat.on Symposium". J.M. Sharpley and A.M. Kaplan. Eds.. Applied Science, Bark^g EnglaTiglJT^ 
prepared polyesters from C2-C12 diacids coupled with C4-C12 diols and found that many were biddable ^ 

Db « yeSt6re < be8n U ^ ed , in V6r/ f6W a PP |icafons main| y because of their low melting points and low 

glass transrtion temperatures (generally less than 65°C and -30°C. respectfcely). At room temperature the ohvs cal 

« zzszzs. phatic po,yesters fe as a thi * a " pha,ic p^^ssss 

«, the ar0mati ° P 01 ^^' such 38 Methylene terephthalate), poly(cyclohexanedimethanol tereph- 

S ?iT r ^' 6 "! have proven to be very useiul materials. AroSc tes- 

ters however, are generally very resistant to biodegradation (J. E. Potts in "Kirk-Othmer Encyclopedia of CfSZl 

« a phatic and arornafic structures have been prepared and have been shown to be biodegradable r£xaZles of 
aliphatic-aromat.c block copolyester-ethers include the work of Reed and Gilding (EeiMSL afSg (SlTulina 
polygene terephth a .ate)/ polyethylene oxide) where these block copolymers iiSSed and found to be bSe 
gradable ,n vrtro. and Suzuki have investigated b.ock copo.yesters such as those derived fr^yfcaprSc 

, SJ fl p °' y{ bu ^ le " e H?*^ and, ° Und ,h6m t0 be "egradedby a lipase g Aoo. Pnivm f W R g°E!?, 
L„ J"" PreS t umably - * e b-odegradation is dependent upon the aliphatic blocks of the copolyeste^the blocks consiS 
SS^wSi"' ^ reSiS,a,,, ,0 bi0de9radafi0n - Random -liphatic-aromati? copo^ers hat n^n 

m J"" 1 " 6 r ^ d ° m C0pd >' es,ers with low leve ls of aliphatic diacids are known (e.g.. Droscher and Horlbeck Anae 
Makromol. Chemie 128 203-213(1984),. copolyesters with high levels (>30%) of aliphatic olcarbcxyTc SoS 

Tn X ' "TT- C ° po,yestera with as much 35 ^ 3 "P"a«c dicarboxylic acid components have been disdosS 
in adhes^e applications; however, these copolyesters adhesives contain at least two diatohol corrponeS in oSer to 
achieve the des.red adhesive properties (Cox, A., Meyer. M. F., U.S. Patent No. 4 966 959 (1990)) 
*» T fn e 3 7 ma " y u r f erence ^ to the Preparation of films from polymers such as polyhydroxybutyrate (PHB) Produc- 
tion of films from PHB generally involves solvent casting principally because PHB polymers^tend to remain' stM* or 
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tacky for a substantial time after the temperature has dropped below the melting point of the PHB. To circumvent this 
problem, Martini et al. (U.S. Patents 4,826,493 and 4,880,592) teach the practice of co-extruding PHB with a thermo- 
plastic that is non-tacky. Such thermoplastics remain as a p rmanent layer on the PHB film or may be a sacrificial film 
which is removed following extrusion. 

PHB has also been reported to be useful in the preparation of disposable articles. Potts (U.S. Patents 4,372,31 1 
and 4,503,098) has disclosed that water soluble polymers such as poly( ethylene oxide) may be coated with biodegrad- 
able water insoluble polymers such as PHB. In these inventions, the PHB layer, which is distinct from the water soluble 
layer, degrades exposing the water soluble layer which will then disperse in an aqueous environment 

There have been other reports of the preparation of a biodegradable barrier film for use in disposable articles. Com- 
erford et al. (U.S. Patent 3,952,347) have disclosed that finely divided biodegradable materials such as cellulose, 
starch, carbohydrates, and natural gums may be dispersed in a matrix of nonbiodegradable film forming materials which 
are resistant to solubility in water. Wielicki (U.S. Patent 3,602,225) teaches the use of barrier films made of plasticized 
regenerated cellulose films. Comerford (U.S. Patent 3,683,917) teaches the use of a cellulosic material coated with a 
water repellent material. 

There exists in the market place the need for thermoplastics which are useful in molding, fiber, and film applica- 
tions. For these applications, it is desirable that the thermoplastic blend be processable at a low melt temperature and 
have a high glass transition temperature. These thermoplastics should not contain volatile or extractable plasticizers. 
Moreover, there is a need in the marketplace for a biodegradable material for use in disposable articles such as diapers, 
razors, and the like. As an example, unlike films prepared from polymers such as PHB, the material should be amenable 
to both solvent casting and melt extrusion. In melt extruding this material, coextrusion with other thermoplastics should 
not be a requirement. The barrier properties of this new biodegradable material should be adequate so that coating with 
a water insoluble polymer is not required. The new material should disperse completely in the environment and not 
require coating with a water soluble polymer. The mechanical properties of the material should be such that films of low 
modulus but of high tensile strength can be prepared. 

Summary of the Invention 

The present invention concerns random aliphatic-aromatic copolyesters as defined in more detail below and in the 
claims. 

The aliphatic-aromatic copolyesters (referred to as AAPE herein) that are useful in the present invention without 
requiring blending of a significant amount of another component are essentially linear, random copolymers and com- 
prise repeating units of: 



wherein R 11 and R 12 are the same and are selected from the groups consisting of C2-C8 aikylene or oxylalkyiene; R 13 
is selected from one or more of the groups consisting of C0-C8 aikylene or C2-C4 oxyalkylene, and the mole % of R 13 
is from about 95-35%; R 14 is selected from the group of C6-C10 aryl. and the mole % of R 14 is from about 5-65%. More 
preferred AAPE are those wherein R 11 and R 1Z are the same and are selected from C2-C4 aikylene R 13 is selected 
from one or more of the groups consisting of C2-C6 aikylene or C2 oxyalkylene, and the mole % of R 13 is from about 
95-40%; R 14 is 1,4-disubstituted-C6 aryl, and the mole % of R 1 4 is from about 5-60%. The most preferred compositions 
for these AAPE are those prepared from the following diols and diacids (or polyester forming derivatives thereof) in the 
following mole %: 

(1) Glutaric acid (30-65%); diglycolic acid (0-10 mol%); terephthalic acid (25-60%); 1 ,4-butanediol (100 mole%). 

(2) Succinic acid (30-85%); diglycolic acid (0-10%); terephthalic acid (5-60%); 1 ,4-butanediol (100 mole%). 

(3) Adipic acid (30-65%); diglycolic acid (0-10%); terephthalic acid (25-60%); 1,4-butanediol (100 mole%). 

Specific examples of preferred AAPE for applications where blending is not required include po!y(tetramethylene 
glutarate-co-terephthalate-co-diglycolate) [50/45/5], poly(tetramethylene glutarate-co-terephthalate) [50/50], 
poly(tetramethylene glutarate-co-terephthaiate) [60/40], poly(tetramethylene glutarate-co-terephthalate) [40/60], 
poly(tetramethylene succinate-co-terephthalate) [85/15], poly(ethylene succinate-co-terephthalat ) [70/30], 
poly(tetramethylene adipate-co-terephthalate) [85/15], and po!y(tetramethylene succinate-co-terephthalate) [70/30]. 

Of course, many of the AAPEs of this invention which do not require blending are also useful in film applications. 
While these AAPE do not have as high as a melting point as poly(ethylene terephthalate), the AAPE have higher melt- 




and 
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ing points that are generally observed with aliphatic polyesters and are therefore useful in many applications, particu- 
larly those requiring biodegradability. Succinic acid based AAPEs show particularly good utility in these applications 
due to their relatively high melting points. These copolyesters have been shown to be degradable even though th y are 
semicrystalline and contain substantial amounts of aromatic groups. Furthermore, diglycolic acid has been found to be 
s a useful comonomer for these AAPE because it aids in the initial breakup of the films. 

These AAPEs are also particularly useful in molded parts, extruded objects, fibers, non-wovens, and foamed 
objects which benefit from being biodegradable. Films and fibers made from these copolyesters can be oriented. Ori- 
entation in many of these copolymers (especially those containing 1 ,4-butanediol) is accompanied by improved physi- 
cal properties and a change from being opaque to being clear. AAPE films can be oriented uniaxially or biaxiatly and 

10 can be oriented in a blown film operation. 

The AAPEs of this invention are useful in packaging applications where thin films are desirable. Many of the AAPEs 
of this invention are particularly useful as thin barrier films where they must function as a barrier and/or be biodegrad- 
able. For example, these AAPEs are useful as protective barrier films and may be used in disposable absorbent articles 
such as infant diapers, incontinence briefs, sanitary napkins, tampons, bed liners, bedpan liners, bandages, and the 

is like. It is preferred that the films of the invention have a tangent modulus of 2.5 x 10 5 psi to 0.01 x to 5 psi, a tensile 
strength of at least about 0.5 x 10 3 psi, an average tear force of at least about 7.0 g/mil, and an elongation at break of 
at least about 5%. Also preferred is wherein said films have a thickness of 0.1 mil to 20 mil and a water vapor transmis- 
sion rate less than about 500 g mit/m 2 -24 hours. 

The AAPEs of this invention can also be used in the other parts of disposable diapers. In addition to being used as 

20 a protective barrier film, these blends and/or AAPEs can be used as tabs, nonwovens, fibers, tape, and other parts 
needed in the construction of a diaper. 

We have found that films prepared from these AAPEs have desirable moisture barrier properties. With the blends, 
the specific rates can be modified by modification of the blend composition. 

The water vapor transmission rates can also be controlled by the amount of aromatic dicarboxyiic acid monomer 

25 present in the aliphatic-aromatic copolyester component. 

The AAPEs of this invention are also useful as molded plastic parts or as solid, foamed plastic objects. Examples 
of such parts include eyeglass frames, toothbrush handles, toys, automotive trim, tool handles, camera parts, razor 
parts, ink pen barrels, disposable syringes, bottles, and the like. The plastic parts, especially those made by a foamed 
method which gives the plastic part increased surface area, of this invention are particularly useful in applications were 

30 it is desired that the plastic part be environmentally non-persistent. Injection molding bars made from the of the inven- 
tion typically have a flexural modulus of 5.0 X 10 5 psi to 0.1 X 10 5 psi, a flexural strength of 13 X 10 3 psi to 0.1 X 10 3 
psi, and a notched tzod (23°C) of 1 .0 to 25 ft-lb/in. It is preferred that the molding bars have a flexural modulus of 3.8 X 
1 0* psi to 1 .5 X 1 0 5 psi, a flexural strength of 1 1 .4 X 1 0 3 psi to 4 X 1 0 3 psi, and a notched Izod (23°C) of 2 to 1 5 ft-lb/in. 
The of this invention are also useful as fibers. Examples of fiber applications include cigarette filters, diaper top- 

35 sheet, sanitary napkins, fishing line, fishing nets, fiber for producing surgical clothing, hygiene articles, absorbent fibers, 
fibersfbr conveying liquids, and the like. We have found that, in addition to being spun from an appropriate solvent, the 
blends and/or AAPE of this invention can be melt-spun to produce fibers with excellent strength. The fibers can be ori- 
ented by drawing the fiber after spinning or by orientation during the spinning (cabinet orientation). Fibers produced 
from the blends and/or AAPEs have excellent shape retention even for fibers with complex cross-sectional shapes. We 

40 have also found that the fibers can be readily crimped. Fiber produced from the blends and/or AAPEs typically have a 
denier/filament (DPF) of 30-0.1 . The preferred denier is 1 0-1 .5 DPF. For fluid management, the fiber can contain hydro- 
phobic agents or, optionally, can be coated with hydrophobic agents. 

The blends, films, plastic objects, and fibers prepared from the blends of the invention have a melt temperature 
between 1 20°C and 280°C. The preferred melt temperature range from 1 50°C to 1 90°C. Also, such blends, films, plastic 

45 objects, and fibers have a glass transition temperature (Tg) as measured by differential scanning calorimetry (DSC) or 
dynamic mechanical thermal analysis (DMTA) of about 25°C to about 200°C. The preferred range for the glass transi- 
tion temperatures is 50°C to 1 00°C. The blends and films are also preferably non-tacky. 

The preferred AAPE of this invention and products made therefrom have melting points between 75°C and 160°C. 
The more preferred range is between 80°C and 140°C. 

so The fibers and films prepared from the of the present invention are useful in applications where protective barrier 
films are desirable. For example, they may be used in absorbent articles such as infant diapers, incontinence briefs 
(adult diapers), sanitary napkins, tampons, bed liners, bedpans, bandages, and the like. The biodegradable films, fib- 
ers, and AAPE of the invention are particularly useful in disposable articles because of environmental considerations. 
The films of the invention can also be used to make non-absorbent articles such as packaging materials (for example, 

55 foam sheets for packaging), food bags, trash bags, agricultural compost sheets, film base for tape and photographic 
film, as well as solid plastic articles such as syringes and camera cases. 

Biodegradable materials, such as the preferred barrier films of this invention, are materials that are comprised of 
components which, by microbial catalyzed degradation, are reduced in film or fiber strength by reduction in polymer size 
to monomers or short chains which are then assimilated by the microbes. In an aerobic environment, these monomers 
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or short chains are ultimately oxidized to C0 2 , H 2 0. and new cell biomass. In an anaerobic environment the monomers 
or short chains are ultimately oxidized to C0 2 , H 2 . acetate, methane, and cell biomass. Successful biodegradation 
requires that direct physical contact must be established between the biodegradable material and the active microbial 
population or the enzymes produced by the active microbial population. An active microbial population useful for 

5 degrading the films and blends of the invention can generally be obtained from any municipal or industrial wastewater 
treatment facility in which the influents (waste stream) are high in cellulose materials. Moreover, successful biodegra- 
dation requires that certain minimal physical and chemical requirements be met such as suitable pH, temperature, oxy- 
gen concentration, proper nutrients, and moisture level. We have found that certain cellulose esters are biodegradable 
in conventional wastewater treatment facilities and in an in yjtrja enrichment system and hence are particularly useful in 

i0 the preparation of blends to be used tor barrier films and fibers in disposable articles. We have also found that many of 
the blends and AAPE degrade in a composting environment and hence are useful in the preparation of materials to be 
used as environmentally nonpersistent materials. 

The following examples are to illustrate the invention but should not be interpreted as a limitation thereon. 

The tensile strength, break to elongation, and tangent modulus of the films are measured by ASTM method D882; 

15 the tear force is measured by ASTM method D1938; the oxygen and water vapor transmission rates are measured by 
ASTM methods D3985 and F372, respectively. The tensile strength and elongation at break for molded pieces are 
measured by ASTM method D638; the flexural strength and modulus by ASTM method D790; the Izod impact strength 
by ASTM method D256; the heat deflection temperature by ASTM method D648. Inherent viscosities are measured at 
a temperature of 25°C for a 0.5 gram sample in 100 ml of a 60/40 by weight solution of phenol/tetrachloroethane. 

20 Dynamic mechanical thermal analysis (DMTA) spectra were collected using a Polymer Laboratories Mk II at 4°C/min 
and 1 Hz. 

Abbreviations used herein are as follows: "IV" is inherent viscosity; "g" is gram; "psi" is pounds per square inch; "cc" 
is cubic centimeter; "m" is meter; w rpm" is revolutions per minute; "DSPr" is degree of substitution per anhydroglucose 
unit for propionyl; "DSAc" is degree of substitution per anhydroglucose unit for acetyl; "DSBu" is degree of substitution 

25 per anhydroglucose unit for butyryf; "BOD" is biochemical oxygen demand; "vol." or V is volume; "wt." is weight; "mm" 
is micrometer; "NaOAc" is sodium acetate; "nm" is not measured; "CE" is cellulose ester; "PE" is polyester; "DOA" is 
dioctyl adipate; "HDT" is heat deflection temperature; "WVTFT is water vapor transmission rate; "mil" is 0.001 inch. Rel- 
ative to the clarity of the films, "+" indicates a transparent film characteristic of a miscible blend; "± H indicates a hazy film 
characteristic of a partially miscible film; indicates an opaque film characteristic of a immiscible blend; "AAPE" is 

30 aliphatic-aromatic copolyester and, as used herein, refers to the copoiyesters where blending is not required. Relative 
to naming of the cellulose ester, "CAP" is cellulose acetate propionate; "CA n is cellulose acetate; "CAB" is cellulose ace- 
tate butyrate. Relative to naming of the polyester, representative examples are: "PTSfT) [85/1 5]" is poly(tetramethylene 
succinate-co-terephthalate) were the mole per cent of succinate to terephthalate is 85/15; "PTA(T) [85/15]" is 
po!y(tetramethylene adipate-co-terephthalate) were the mole per cent of adipate to terephthalate is 85/15; "PTG(T) 

35 [85/1 5]" is poly(tetramethylene glutarate-co-terephtha(ate) were the mole per cent of glutarate to terephthalate is 85/1 5; 
M PTGff)(D) [60/35/5T is poly{tetramethylene glutarate-co-terephthalate-co-diglycolate) were the mole per cent of glu- 
tarate to terephthalate to diglycolate is 60/35/5; "PTG(N) [85/1 5]" is poly(tetramethylene glutarate-co-naphthalate) were 
the mole per cent of glutarate to naphthalate is 85/15; "PES" is polyethylene succinate); "PHS" is polyfhexamethylene 
succinate); "PEG" is polyethylene glutarate); "PTG* is poly(tetramethylene glutarate); "PHG" is poly(hexamethylene 

40 glutarate); TT(E)G [50/50]" is poly(tetramethylene-co-ethylene glutarate) were the mole % of tetramethylene to ethyl- 
ene is 50/50; "PEA" is polyethylene adipate); "PDEA" is poly(diethylene adipate); "PHA" is polyfhexamethyiene adi- 
pate). Other abbreviations are: "TEGDA" is Methylene glycol diacetate; "PVA" is polyvinyl acetate); "PMMA" is 
poly(methyl methacrylate); "PEMA" is poly(ethyl methacrylate). MYVAPLEX 600 is the trade name for concentrated 
glyceryl monostearates and is available from Eastman Chemical Company. MYVAPLEX concentrated glyceryl monos- 

45 tearate is a 90% minimum distilled monoglyceride produced from hydrogenated soybean oil which is composed prima- 
rily of stearic acid esters. MYVACET is the trade name for distilled acetylated monoglycerides of modified fats. The per 
cent acetylation of MYVACET 507 ranges from 48.5 to 51 .5; the per cent acetylation of MYVACET 707 ranges from 66.5 
to 69.5; the per cent acetylation of MYVACET 908 is a minimum of 96. MYVEROL is the trade name for concentrated 
glyceryl monostearates and is available from Eastman Chemical Company. MYVEROL is very similar to MYVAPLEX 

so except that the distilled monoglyceride is produced from different fat sources. 
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5 Table I 





Inherent Viscosity, Water Vapor Transmission Rates, Mechanical Properties, and Tear Strength of Films Prepared 

From Aliphatic-Aromatic Copolyesters 


10 


Entry 


Polyester 


Elongation at 
Break (%) 


Tangent Modu- 
lus (10 5 psi) 


Tensile 
Strength 
(10 3 psi) 


Tear Strength 
(g/mil) 


IV 


WVTR (g/100 
in 2 -24 hours) 




160 


PHG(T) [50/50] 


357 


0.09 


0.73 


26 


0.72 


65 




161 


PTG(T) [60/40] 


908 


0.05 


1.95 


214 


1.15 


137 


15 


162 


PTG(T) [40/60] 


642 


0.23 


3.07 


115 


0.94 


52 




163 


PTS(T) [70/30] 


722 


0.41 


4.48 


59 


nm 


nm 




164 


PTSfQ [85/15] 


732 


0.28 


3.99 


42 


1.03 


42 


20 


165 


PTG(T) [55/45] 


738 


0.08 


3.54 


142 


1.11 


nm 


166 


PTGCO(D) 
[50/45/5] 


927 


0.05 


5.22 


126 


1.23 


nm 



25 These examples illustrate that films prepared from aliphatic-aromatic copolyesters have very high elongation, high tear 
strengths, low WVTR, and low moduli and hence are useful in film applications. 

EXAMPLE 2 - The physical properties of AAPE molded bars 

30 



Table II 



Physical Properties of AAPE 


Property (units) 


PTSC0 [85/15] 


PTS(T) [70/30] 


PTG(T) [50/50] 


Tensile Strength (10 3 psi) 


2.89 


1.79 


1.51 


Elongation at break (%) 


482 


384 


437 


Flexural Modulus (10 5 psi) 


0.57 


0.20 


0.13 


Izod Impact 23°C (ft-lb/in) 


6.0 (NB) 


6.5 (NB) 


3.2 (NB) 


Izod Impact -40°C (ft-lb/in) 


0.44 (CB) 


0.86 (CB) 


8.23 (NB) 



45 

This example demonstrates that AAPEs have very high elongation at break, low flexural modulus and excellent 
Izod Impacts. 

Claims 

50 

1. An essentially linear, random, semicrystalline aliphatic-aromatic copolyester which has an inherent viscosity of at 
least 0.4 deciliters/gram as measured at a temperature of 25°C for a 0.5 g sample in 100 mL of a 60/40 parts by 
weight solution of phenol/tetrachloroethane wherein the aliphatic-aromatic copolyester is comprised of repeat units 
of the following structures: 
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^(R 11 )^-^ 13 , JLj- and _|_0-(R 12 )-8-C-(R 14 )-? 



wherein R 11 and Ft 12 are the same and are selected from the groups C2-C8 alkylene or oxyalkylene wherein R 11 
and R 12 are 100% of the diol components; R 13 is selected from one or more of the groups consisting of C0-C8 
alkylene or C2-C4 oxyalkylene wherein the mole % of R 13 is from 35-95% of the dicarboxylic components; and R 14 
is selected from the group consisting of C6-C10 aryi wherein the mole % of R 14 is from 5-65% of the dicarboxylic 
component. 

2. The aliphatic-aromatic copolyester of Claim 1 wherein R 1 1 and R 12 are the same and are selected from the groups 
C2-C6 alkylene wherein R 11 and R 12 are 100% of the diol components; R 13 is selected from one or more of the 
groups consisting of C2-C4 alkylene or C2 oxyalkylene wherein the mole % of R 13 is from 40-95% of the dicarbo- 
xylic components; R 14 is a 1,4-disubstituted C6 aryl wherein the mole % of R 14 is from 5-60% of the dicarboxylic 
components. 

3. The aliphatic-aromatic copolyester of Claim 1 wherein R 1 1 and R 12 are the same and are selected from the groups 
consisting of C4 and C6 alkylene wherein R 11 and R 12 are 100% of the diol components; R 13 is selected from one 
or more of the groups consisting of C3-C4 alkylene wherein the mole % of R 13 is from 40-60% of the dicarboxylic 
components; R14 is selected from the group consisting of C6-C10 aryl wherein the mole % of R 14 is from 60-40% 
of the dicarboxylic components. 

4. The aliphatic-aromatic copolyester of Claim 1 which has a melting point of 75°C to 1 60°C. 

5. The aliphatic-aromatic copolyester of Claim 4 where C4 is selected for R 11 and R 12 at an amount of 100 mol%; 
were C3 and -CH 2 -0-CH 2 - are selected for R 13 at an amount of 30 to 65 mo!e% and 0 to 10 mole %, respectively; 
and where a 1 ,4-di substituted aryl is selected for R 1 4 at an amount of 25 to 60%. 

6. The aliphatic-aromatic copolyester of Claim 4 where C4 is selected for R 11 and R 12 at an amount of 100 mol%; 
where C2 and -CH 2 -0-CH 2 - are selected for R 13 at an amount of 30 to 85 mole% and 0 to 10 mole%, respectively; 
where a 1 ,4-disubstituted aryl is selected for R 1 4 at an amount of 5 to 60%. 

7. The aliphatic-aromatic copolyester of Claim 4 where C4 is selected for R 11 and R 12 at an amount of 100 mol%; 
where C4 and -CH 2 -0-CH 2 - are selected for R 13 at an amount of 30 to 65 mole% and 0 to 10 mole%, respectively; 
and where a 1 ,4-disubstjtuted aryl is selected for R 1 4 at an amount of 25 to 60%. 

8. The aliphatic-aromatic copolyester of Claim 4 wherein the aliphatic-aromatic copolyester is poly(tetramethylene 
glutarate-co-terephthalate) copolyester wherein the mole % of terephthalate is 45-60%. 

9. The aliphatic-aromatic copolyester of Claim 4 wherein the aliphatic-aromatic copolyester is polyftetramethylene 
succinate-co-terephthalate) copolyester wherein the mole % of terephthalate is 5-30%. 

10. The aliphatic-aromatic copolyester of Claim 4 wherein the aliphatic-aromatic copolyester is poly(ethylene succi- 
nate-co-terephthalate) copolyester wherein the mole % of terephthalate is 5-20%. 

1 1 . The aliphatic-aromatic copolyester of Claim 4 wherein the aliphatic-aromatic copolyester is poly(ethylene adipate- 
co-terephthalate) copolyester wherein the mole % of terephthalate is 40-60%. 

12. The aliphatic-aromatic copolyester of Claim 4 wherein the aliphatic-aromatic copolyester is polyftetramethylene 
adipate-co-terephthalate) copolyester wherein the mole % of terephthalate is 40-60%. 

13. The aliphatic-aromatic copolyester of Claim 4 wherein the aliphatic-aromatic copolyester is poly(hexamethylene 
adipate-co-terephthalate) copolyester wherein the mole % of terephthalate is 40-60%. 
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14. The aliphatic-aromatic copolyester of Claim 4 wherein the aliphatic-aromatic copolyester is poly(tetramethylene 
glutarate-co-t rephthalate-co-diglycolate) copolyester wherein the mole % of terephthalate is 45-60% and the mole 
% of diglycolate is 1 -1 0 mole %. 

15. The aliphatic-aromatic copolyest r of Claim 4 wherein the aliphatic-aromatic copolyester is poly(tetramethylene 
succinate-co-terephthalate-co-diglycolate) copolyester wherein the mole % of terephthalate is 5-30% and the mole 
% of diglycolate is 1-10 mole %. 

16. The aliphatic-aromatic copolyester of Claim 1 additionally comprising 0.001 to 50 weight %, based on the total 
weight of the composition, of at least one additional additive selected from a non-polymeric plasticizer, a thermal 
stabilizer, an antioxidant, a pro-oxidant, an acid scavenger, an ultraviolet light stabilizer, a promoter of photodegra- 
dation, inorganics, and colorants, 

17. The aliphatic-aromatic copolyester of Claim 1 wherein the aliphatic-aromatic copolyester is used in the form of a 
shaped article. 

18. The aliphatic-aromatic copolyester of Claim 17 wherein said shaped articles is selected from the group consisting 
of films, fibers or plastic objects. 

19. The aliphatic-aromatic copolyester of Claim 18 wherein said shaped article is a plastic film. 

20. The aliphatic-aromatic copolyester of Claim 19 in the form of a plastic film having a tangent modulus of 2.5 x 10 5 
psi to 0.01 x 10 5 psi, a tensile strength of at least 0.5 x 10 3 psi, an average tear force of at least 7 g/mil, and an 
elongation at break of at least 5%. 

21. The aliphatic-aromatic copolyester of Claim 19 in the form of a film having a thickness of 0.1 mil to 20 mil and a 
water vapor transmission rate less than 500 g mil/m 2 -24 hours. 

22. The aliphatic-aromatic copolyester of Claim 19 wherein said film is prepared by solvent casting, melt extrusion, or 
by a blown film process. 

23. The aliphatic-aromatic copolyester of Claim 22 wherein said film is oriented during a blow film process. 

24. The aliphatic-aromatic copolyester of Claim 22 wherein said film is melt extruded and then uniaxially or biaxially ori- 
ented. 

25. The aliphatic-aromatic copolyester of Claim 1 7 wherein the shaped articles are biodegradable. 

26. The aliphatic-aromatic copolyester of Claim 1 wherein molded bars made from the blends have a f lexural modulus 
of 5.0 X 10 5 psi to 0.1 X 10 5 psi, a f lexural strength of 13 X 10 3 psi to 0.1 X 10 3 psi, and a notched Izod (23°C) of 
1 .0 to 25 ft-Ib/in. 

27. A blend comprising: 

(A) 50% to 99% of an aliphatic-aromatic copolyester according to any one of Claims 1 to 15 and having an 
inherent viscosity of at least 0.4 deciliters/gram as measured at a temperature of 25°C for a 0.5 g sample in 
100 ml of a 60/40 parts by weight solution of phenol/tetrachloroethane, 

(B) 1% to 50% of biodegradable additives, said percentages being based on the weight of component (A) plus 
component (B). 

28. The blend of Claim 27, wherein component (B) is starch. 

29. The random aliphatic-aromatic copolyester of Claim 1 comprising repeating units derived from either components 
(a) or (b) as follows: 

(a) adiol component comprising said R1 1 and R12 and an acid component comprising said R13 wherein said 
R1 3 represents an aliphatic polycarboxylic acid, and 



EP 0 736 557 A1 

(b) a dio! comprising said R1 1 and R12 and an acid component comprising said R14 wherein said R14 repr - 
sents an aromatic polycarboxylic acid and further wherein 20% - 99% of the repeating units of (a) are either 
not directly coupled with another repeating unit of (a) or are directly coupled with only one repeating unit of (a). 
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